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(57) Abstract 

An assembly backlighting a liquid crystal flat panel display or other such arrangement requiring backlighting is disclosed herein. The 
assembly includes a plurality of light pipes (10, 12) and is capable of a multi-mode operation as well as achieving an enhanced dimming. 
This assembly is composed of two or more light pipes (10, 12) placed in a stacked configuration. Each light pipe has a set of specially 
configured microprisms (32, 32*) which, cooperating with the light pipes (10, 12), provides an efficient backlighting technique with a 
controllable degree of collimation. The disclosed assembly is particularly useful for displays which require a very bright backlighting, a 
wide dimming range and which must be capable of illuminating a given active area with light of different spectra* 
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A STACKED BACKLIGHTING 
SYSTEM USING MICROPRISMS 

FIELD OF THE INVENTION 

The invention relates generally to a backlighting system especially suitable for 
use with liquid crystal displays. More particularly, a light pipe assembly in 
accordance with this invention are configured for multi-mode and variable spectra 
operation. 



10 BACKGROUND OF THE INVENTION 

Liquid crystal displays are commonly used in portable computer systems, 
televisions, and other electronic display devices. Most of the large area, high 
performance LCDs require a source of light for operation. Backlighting the LCD has 
become the most popular source of light in LCD devices. 

15 

Backlighting of typical brightness uses scattering to transmit light. For a very 
high brightness backlighting system, typically a serpentine fluorescent lamp or a flat 
fluorescent lamp is used. Each of these light sources emits light in all directions and 
is not focused toward the display. As a result, the energy efficiency is low. 
20 Furthermore, a great deal of power is required which creates a power dissipation 

problem. Moreover, these prior technologies are not suitable for a stacked 
configuration and are incapable of illuminating a given active area of a display with 
light of different spectra efficiently. 



The technologies described in U.S. patent 5,359,691 and U.S. patent 5,390,276, 
entitled "Backlighting System with a Multi-Reflection Light Injection System and 
Using Microprisms" and "Backlighting Assembly Utilizing Microprisms and Especially 
Suitable for Use with a Liquid Crystal Display," issued Oct. 25, 1994 and Feb. 14, 
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1995, respectively, to Tai, et al M provides very efficient collimated backlighting. 
However, each technology includes a single light pipe, and thus operates in one mode. 
Therefore, with one light source, a single light pipe's light output is limited to a single 
spectra. Accordingly, the previous technology is not suitable for backlighting displays 
5 for outdoor applications or for use in conjunction with night vision goggles. 

Moreover, the dimming ratio of a single light pipe configuration is low. 

A multi-mode operation backlighting system is therefore desirable. Moreover, 
it would also be advantageous to have a high dimming ratio as well as the capability 
10 of spectral variation along with a high energy efficiency. 

SUMMARY OF THE INVENTION 

Using a stacked light pipe configuration, a backlighting assembly with a very 
high brightness is achieved. By selectively turning some lamps off, a very high 
15 dimming ratio is also achieved. With the use of one or more color filters, this 

backlighting system can illuminate a given area with light of different spectra but 
similar angular distribution. 



Each light pipe is generally rectangular, and includes means for directing light 
20 into the light pipe from one or more sides. The light moves from one end of the light 

pipe towards the opposing end. An arrangement of immediately adjacent microprisms 
serves as the bottom surface of the light pipe, such reflecting light within the light 
pipe upwards and through the top surface by total internal reflection. Because of its 
use of total internal reflection, this light pipe is essentially transparent incident from 
25 outside the light pipe and can therefore be stacked for a very high brightness. More 

importantly, with a color filter placed between a lamp and one of the light pipes, this 
backlighting system produces light of two different spectra and therefore achieves a 
two-mode operation. 



2 



WO 97/41471 PCT/US97/07374 

The capability of multi-mode operation is particularly important for 
applications where a night vision goggle is used. A night vision goggle is used to 
observe an infrared emitting object, such as a human being, in the dark. As a result, a 
display must not emit infrared or long wavelength red light to be compatible with the 
5 use of a night vision goggle. The day mode, on the other hand, needs a very bright 

output light with white color. Therefore, in one embodiment, two stacked light pipes 
are designed to have light from the lower light pipe transmit through the top light pipe 
efficiently with little change in the propagation direction of the output light. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in more detail hereafter in conjunction 
with the drawings, wherein: 

FIGURE 1 is a perspective view of a dual mode stacked backlighting system 
using microprisms. The stacked backlighting system is shown in an x, y, z coordinate 
15 system for the purpose of convenience; 

FIGURES 2 and 2A are sectional views of light directing assemblies, taken in 
x-z plane; 

FIGURES 3 and 3A are perspective views of sectional views of light pipes; 
FIGURE 4 is a perspective view of the use of a film to bend two light beams 
20 towards the same direction; 

FIGURES 5 and 5A are perspective views a light pipe with the density of 
microprisms increasing away from the lamp; 

FIGURE 6 is a sectional view of a portion of two light pipes forming part of 
those shown in FIG. 1, specifically illustrating the way in which light coming from the 
25 lower light pipe enters and exits the top light pipe; 

FIGURE 6A shows a mirror reflector at the bottom side of a light pipe of FIG. 

6; 

FIGURE 7 is a perspective view of a backlighting system using three light 
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pipes and five lamps; and 

FIGURES 8A, 8B and 8C show different types of films in different positions 
relative to the light pipes. 

DETAILED DESCRIPTION OF THE INVENTION 

Turning now to the drawings, wherein like components are designated by like 
reference numerals throughout the various figures. It is to be understood that this 
invention is not limited to these particular physical parameters. Attention is first 
directed to FIG. 1 which shows a dual mode stacked lighting system using four linear 
light sources, cold cathode fluorescent lamps (CCFL) or hot cathode fluorescent lamps 
(HCFL). As indicated above, this figure illustrates in perspective view an assembly 
designed in accordance with this invention for backlighting a liquid crystal display. 
The assembly is composed mainly of two stacked light pipes shown as 10 and 12 
within an x-y-z coordinate system. Each of the two light pipes has a generally 
rectangular shape extending in both the x-direction and y-direction. Each light pipe 
has opposite ends 16 and 18 (16* and 18'), and opposite sides 20 and 22 (20' and 22') 
and opposing top and bottom surfaces 24 and 26 (24* and 26') respectively. 
Arrangements indicated at 28 (28') and 30 (30') for light pipe 12 (10), is provided for 
directing light into the light pipe at each of the entrance ends of the light pipes. 

Still referring to FIG. 1, each light pipe also includes an arrangement of 
immediately adjacent micro-prisms 32 and 32' extending in the y-z plane and serving 
as a bottom surface of light pipes 12 and 10 respectively. Each of the microprisms 32 
and 32' has a triangular cross section with two light-reflecting sides. For the moment, 
it suffices to say that this arrangement of microprisms may be constructed of any 
suitable transparent material such as glass, acrylic or polycarbonate having the same or 
approximately the same index of refraction as the light pipes 12 and 10. Arrangement 
32 (and 32') may be a separately made, distinct arrangement, for example from a 



WO 97/41471 



PCTAJS97/07374 



separate sheet having a convex prism-featured surface, in which case the arrangement 
could be readily bonded to the side surfaces, 20 and 22, of the light pipe by means of 
a suitable adhesive having the appropriate index of refraction so as to be transparent to 
light passing between the light pipe and the sheet of microprisms. On the other hand, 
5 the arrangement of microprisms could be made an integrated part of the light pipe. 

In FIG. 1, the size of the microprisms and the height of the light pipe sections 
have been exaggerated in order to better depict the way in which they act upon light 
introduced into the light pipe, A prismatic film 98 is used in this backlighting system 
10 to change the propagation direction of the output light beams to match the viewing 

angle of a display. Color filters 130 and 132 are placed between the lower light pipe 
and its light sources 2 and 4. By selectively turning lamp pairs 2 and 4 or 2' and 4* 
on, this backlighting system is capable of a multi-mode operation. 

15 Turning now to FIG. 2, a section view of the arrangement 28 and the light 

source 2 y shown in the x-y plane. Since the arrangements 28, 30, 28' and 30' are 
similar, only the functioning of 28 will be described in detail. The arrangement 28 
includes a reflection prism 54. The prism 54 has opposing side surfaces 50 and 52, 
and opposing ends 58 and 60. Light entering the prism in the x-y plane has a 

20 maximum divergence angle determined by the index of refraction of the material that 

the prism is made of (42° if the prism is made of acrylic which has an index of 
refraction of 1.49). 

To collimate light into a desired divergence range, for example, ±18° degrees 
25 in the x-y plane, the side surfaces 50 and 52 are constructed at a tilt angle, for 

example about 6° with respect to the x-axis, as illustrated in FIG. 2. As an example, 
light ray 72, which enters the reflection prism at a divergence angle of 42° with 
respect to the x-axis, will be reflected by a side surface 50 and then 52 of the 
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reflection prism. With each reflection, the light ray will have its divergence angle 
decreased by 12° for a 6° tilted surface. As a result, the light ray 56 leaving the 
collimating section will have a divergence angle of 18° which is within the desired 
maximum divergence angle of ±18°. However, light rays, such as ray 74, which has a 
5 smaller initial divergence angle, for example 20°, will be reflected by the surface of 

the collimating light pipe only once within the entire light collimating assembly and 
will have its divergence angle decreased by 12°, shown as 64. In addition, light with 
divergence angle less than 6° will not hit the surface and will thus propagate through 
the collimating assembly with direction unchanged. 

10 

With a properly constructed collimating assembly, light rays with any incident 
angle will be collimated to have a divergence angle less than ±18°. The divergence 
angle may be further reduced by additional reflections at the tilted surfaces which may 
have its slope varied along the y-direction. Since all changes in propagation direction 

15 are a result of total internal reflection, there is no loss in their intensities. Although it 

is possible to use a conventional reflection surface, such as a plated parabola mirror, to 
collimate the light, it is far more efficient to collimate light by using a reflective 
surface based on total internal reflection. It is also understood that the sides of the 
light collimation section may have a curved surface area or even consist of segments 

20 of flat and curved surfaces for effective light collimation. The front surface 58 can be 

tilted with respect to the z-axis and the two side surfaces 50 and 52 may have 
different slope. FIG. 2A shows a second embodiment of the assembly 28. In this 
particular embodiment, the side surface 52 is parallel to the x-y plane, the entrance 
surface 58 is tilted upwards and the upper surface 50 has a curved shape. 

25 

Having described the way in which light from source 2 is directed by means of 
the light directing assembly 28, attention is now directed to the way in which light 
pipes 10 and 12 in cooperation with microprism arrangement 32 acts on the input light 

6 
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to provide output light 42. To this end, reference is directed to FIG. 3 which gives a 
cross sectional view of light pipe 10 and 12 in the x-y plane. For the purpose of this 
discussion, it will be assumed that the maximum divergence angle at which light 
enters the backlighting light pipe is ±18°, as depicted in FIG. 3. In the particular 
5 - embodiment illustrated in FIG. 3, each prism 40 has its side surfaces 44 and 46 
making an angle of 30° with the x-y plane. As mentioned above, it is to be 
understood that the this invention is not limited to these particular physical parameters. 
The material as well as the angle that the surface of the microprism makes with the 
top surface of the light pipe may all have different values. The reflecting microprisms 
10 may even have curved surfaces. 

Still referring to FIG. 3, note specifically that the incoming light beam 80, 
which deviates by 18° from the x-y plane, will hit the surface of a prism, be bent by 
60° and then propagate in the direction 82 which deviates by +12° from the normal 

15 direction 84. Light beam 90 which propagates nearly parallel to the x-axis will be 

bent by 60° and propagates in the direction 88 which deviates by +30° from the 
normal 84 to surface 24. Light beam 92 which initially deviates by -18° from the 
x-axis will hit the underside of the side surface 24 and then propagate towards -x 
direction whereupon it will be reflected by one surface of a microprism in a way 

20 similar to light beam 82, thereby propagating in the direction at an angle of +12° with 

the normal. This process happens to all light beams making a negative angle with the 
x-axis. As a result light beams exiting the light pipe through top surface 24 will be 
collimated to one-half their original divergence angles in the x-z plane, that is, 
one-half that at which light enters the light pipes 10 and 12. With the maximum 

25 divergence angle of light coming from the light collimating section less or equal to the 

critical angle of refraction with respect to the surface of the microprisms, no light (or 
a minimum) can escape the light pipe in the wrong side. However, if space is limited 
and the light can not be collimated to a sufficiently high degree of collimation for total 
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internal reflection, then a reflecting film may be placed underneath the lower light 
pipe 12 to reflect light escaping out. Leakage light usually happens at large angle to 
the normal. With the current design, since light reflected out of the light pipe also 
happens at large angle, there is a good chance that some of the reflected light will exit 
5 with a desirable direction. Within this design, light output from the light pipe with 

angle varies from 12° to 30° inside the light pipe will have an exit angle from 18° to 
48° in air as is determined from the SnelFs law. 

In the particular example described above in conjunction with FIG. 3, it was 
10 assumed that the microprism 42 has its side surfaces 44 and 46 making angles of 30° 

with its base. For the purpose of coupling light out of a light pipe, the prism-array 
should have an angle determined by the allowed divergence angle, output light 
propagation direction, and the index of refraction of the light pipe. A prism with a 
curved surface may also be used, as shown in FIG. 3A. 

15 

It is desirable to combine two light beams into a single beam. Using two light 
sources 2 and 4 located at opposing side of the light pipe, output light propagated 
off-normal, from +18° to + 48° and from -18° to -48°. As shown in FIG. 4, a 
prismatic film 98 with prismatic angle of 80° is used to bend output light from the two 

20 CCFLs to the forward direction. Light ray 110 which has a deviation angle of 12° 

inside the film which is also made of acrylic will be bent by 28.5° towards the normal 
direction 84 and will propagate in the direction of 112 which deviates from the 
direction of 84 by -16.5°. Light ray 114 which has a deviation angle of 30° will be 
bent by -10.6° and will propagate in the direction of 116 which deviates from the 

25 direction of 84 by 19.4°. Similarly, light with deviation angle from -12° to -30° will 

hit the surface 102 of the film and will have the deviation angle changed to +16.5° 
and -19.4°. The two light beams coming from the two lamps each located on the 
opposite ends of a light pipe is now combined as a single beam propagate from -19.4/ 
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to + 19.4°. This angular distribution of the combined output light matches the viewing 
angle of most LCDs in the x-z plane very well and is suitable for normal portable 
display device application. For applications which needs a narrower divergent angle 
but a brighter output, a prismatic film with a smaller angle, such as 70°, can be used 
5 to bend the two beams towards the normal direction. Similarly, a somewhat wider 

viewing angle can be achieved with a prismatic film with a larger angle such as 90°. 

For a very wide viewing angle, such as +40°, a prismatic film with a prism 
angle of a larger angle, for example 100° may be used. Light output from this film is 
10 composed of two beams with the peak intensity for each beam separated by 

approximately 40°. A diffiiser, such as a holographic diffuser, may then be used to 
expand the divergent angle of both beams so the two beams overlap to achieve a 
divergent angle of +40°. 

15 Another embodiment to achieve a wide viewing angle is to use prismatic films 

of a curved surface. For the particular light pipe described above, a prismatic film 
with prisms having the two sides with curvature varying from 35° to 65°, for example, 
will give output light with a divergent angle of ±40°. A backlighting system with a 
very bright output and a wide divergent angle is suitable for video applications, for 

20 example. 

For certain applications, such as automobile and airplane displays, the viewer, 
that is the driver or pilot, is usually looking down on the display. It is therefore 
desirable to have the output light from the backlighting system propagating in a 
25 direction tilted upwards. A Fresnel prism film is therefore placed on top of the light 

pipe to change the propagation direction of the output light to the desired direction. 
The Fresnel prism film has a periodic structure and can therefore cause interference 
patterns with the periodic structure of the LCD. This interference pattern can be 
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eliminated by the use of a diffuser placed between the Fresnel film and the LCD 
panel. 

A light pipe with microprisms adjacent to each other, may not provide output 
5 with uniformity since sections close to the lamp may give a brighter output. As is 

shown in FIG. 5 and 5A, this non-uniformity problem can be solved by keeping the 
density of microprisms low at sections of the light pipe close to a lamp and high at 
area away from the lamp. A higher density of microprisms can be designed to 
compensate for the reduced intensity of light inside the light pipe. The density of the 
10 microprisms is determined by the width of a flat section 120 separating adjacent 

microprisms. FIG. 5 shows the width of the flat section 120 (120A, 120b, 120C) 
decreases away from the lamp. 

After the discussion of the functioning of a single light pipe, now consider the 
15 light propagation process of a backlighting system composed of two stacked light 

pipes. Since light propagation of the top light pipe is not affected by the presence of 
the lower light pipe, we need only to consider the propagation process of the light 
output from the lower light pipe. 

20 Output light from the lower light pipe 12 has to pass through the upper light 

pipe 10 to be observed by a viewer 128. As is shown in FIG. 6, light could enter the 
upper light pipe 10 through any of the two surfaces, 44' and 46' respectively, of the 
microprisms structure of the upper light pipe or flat sections, 120 between 
microprisms. If the light beam enters the upper light pipe through the flat surface 

25 (between grooves), this light beam will exit the upper light pipe with no change in its 

propagation. If the output light from the lower light pipe enters the upper light pipe 
through surface 46' of the microprisms, it will be bent towards the normal direction 
and will enter the upper light pipe with an angle coincide approximately with the 

10 
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angle of output light from the upper light pipe. In FIG. 6, an example light beam 122 
which exits the light pipe at an angle of 48° enters the top light pipe so that it will 
exit the top light pipe with an exit angle of 19° 124 inside the light pipe (30° in air) 
which is within the range of 12° to 30° as described earlier. 

5 

If the output light from the lower light pipe enters the upper light pipe through 
surface 44' of the microprisms, it will have an incident angle larger than the critical 
angle when it reaches the top surface of the upper light pipe, which will reflect it back 
to either surface 44* or 46' of microprisms in the lower surface of the upper light 

10 pipe. If this reflected light 132 hits the surface 44\ the deviation angle will be 

reduced and this light ray 134 will become highly collimated. It will then be reflected 
out, as ray 136, of the upper light pipe the same way as the light entering the upper 
light pipe from its edge. If this reflected light hits surface 46* , it will exit the upper 
light pipe and will be returned to the lower light pipe 12. Light returning to the lower 

15 light pipe will have a chance to hit surface 44, and become highly collimated. This 

light ray will repeat the process of coupling out of the light pipe by total internal 
reflection with a desired exit angle. 

There is also a possibility that the light ray will hit surface 46 of microprisms 
20 located on the lower light pipe and leak out. Turning to FIG. 6A, a mirror reflector 

(film with metal coating such as a SILVERLUX film from 3M) 126 placed at the 
bottom side of the lower light pipe 12, this leakage light will be reflected back to the 
upper light pipe 10. The reflect light beam 148 will again repeat the above process of 
trying to exit the upper light pipe with the desired exit angle. This stacked flat 
25 collimator backlighting system is highly energy efficient and can nearly double the 

output brightness of a single light pipe configuration. 



11 
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Now consider FIG. 1 again. In this diagram, two narrow color filters (such as 
the MAMCO NV-FLC-2 night vision color filter) 130, 132 are placed between the 
lower light pipe and its light sources. The color filters 130, 132 in this particular 
situation are used to eliminate long wavelength red and infrared light to make a two 
5 mode backlighting system compatible with the use of night vision goggles. The two 

lamps 2, 4 for the night vision mode are placed inside an opaque housing 134, 136 so 
that all of the light emitted from these two lamps has to go through the color filter 
before entering the light pipe. For day mode operation, the top two (or, all four) 
lamps T and 4*, are turned on for a very bright output with a white color. For the 
10 night vision operation, only the bottom two lamps 2 and 4 are turned on. With all of 

the long wavelength red and infrared light absorbed by the filter the spectrum of this 
backlighting system is therefore compatible with the use of night vision goggles. 

Large size backlighting system for a sunlight readable display needs a very 
15 bright output for the day mode operation and the night vision mode does not need a 

very bright output. A backlighting system uses five lamps and three stacked light 
pipes 10, 12 and 14 shown in FIG. 7, is suitable for this application. In this 
embodiment, four lamps are used for day mode and only one lamp is used for the 
night vision mode. 

20 

Displays for outdoor applications need to have high brightness to be sunlight 
readable. However, if a display is too bright it might blind the viewer at night when 
the outside is very dark. In this situation, a high dimming ratio is desired. Since a 
CCFL needs to have a relatively high voltage to operate, dimming by reducing the 
25 input voltage is not a good solution. A high dimming ratio can be achieved through 

pulse modulation of the lamps. This dimming range, however, is still not adequate for 
some applications, such as avionics use. It is usually very difficult to increase the 
dimming range beyond a dimming ratio of 1,000:1. 



12 
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For applications not required to be compatible with the use of a night vision 
goggle, the color filters can be removed. This backlighting system is still suitable for 
a multiple mode application with an enhanced dimming. Using the stacked light pipe 
5 technology, this backlighting system can have its dimming range increased by 

selectively turning some lamps off. In a 5 CCFL system, the day mode may have all 
of the five lamps turned on. For the night mode, only the lamp for the bottom light 
pipe is turned on. The dimming ratio can then be increased by a factor of over five. 
With the edge-lit stacked light pipe configuration, a stacked backlighting system 
10 maintains a good uniformity over the whole wide dimming range since light from each 

light pipe illuminates the whole display area. This arrangement achieves a very large 
dimming range. However, the spectra of these two modes are now identical for this 
particular case. 



15 The backlighting system described above gives output light collimated in the x- 

z plane. For applications which do not need a wide viewing angle in the y-z plane, a 
backlighting system which gives a brighter output but are reduced divergent angle in 
that plane is desirable. 

20 In the prior art, a Backlight Enhancement Film (BEF) made by 3M is widely 

used to achieve a brighter output with a reduced viewing angle. The backlighting 
system of this invention can also include a BEF, placed on top of the light pipe 10 to 
further increase the output brightness by collimating light in the y-z plane. 

25 FIG. 8A, the light pipe has microprisms located on both its top 150 and bottom 

152 surfaces. The axis of the microprism in the top surface is perpendicular to that 
located on the bottom surface. With this arrangement, light inside the light pipe can 
only be reflected out by microprisms located on the bottom surface. Microprisms 

13 
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located on the tope surface, however, will bend light which is reflected out by bottom 
microprisms toward the normal direction, similar to light collimated by a BEF. 
Advantageously, the arrangement shown in FIG. 8A, however, eliminates two 
air/material interfaces and therefore reduces losses caused by reflection at the two 
5 air/material interfaces. Microprisms located on the surface do not reflect light out of 

the light pipe. However, by collimating light in the y-z plane, microprism structure on 
the top surface helps the propagation of the light towards areas further away from the 
light entrance side. 

10 FIG. 8B demonstrates in a second unique method the use of a BEF to restrict 

the divergent angle of light in the y-z plane. In this embodiment, a first strip of BEF 
154 is placed on a first entrance end of the light pipe. A second strip of BEF 156 is 
placed on the opposite entrance end. Light is collimated in the y-z plane before 
entering the light pipe. Since the light propagates in the light pipe by specular 

15 reflection, output light is still collimated in the y-z plane. This arrangement improves 

backlighting technology as the prior art depends on scattering to bring light out of the 
light pipe which is random so it destroys the collimation state of light. 

As mentioned above, displays for certain applications, such as automobile or 
20 airplane displays, are always viewed from the upper direction. For these displays, it is 

desirable to have the output light from the display titled in the upwards direction. 
FIG. 8C shows kian embodiment where a Fresnel film 160 is used to bend the 
backlight toward the viewer, usually a driver or pilot. The Fresnel film 160 may also 
be placed between the LCD 162 and the viewer 128 (see FIG. 6). A diffuser, such as 
25 a holographic diffuser, may be placed on top of the Fresnel film to eliminate 

interference caused by the periodic structure of the Fresnel film and the LCD panel to 
achieve a more uniform illumination. The holographic diffuse may also increase the 
viewing angle of the display by increasing the divergent angle of the light. 
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The stacked backlight assembly is highly efficient for both day and night vision 
mode operation. However,night vision mode usually requires only a very low 
brightness. Then light vision mode light pipe can therefore be replaced by a 
conventional, scattering based backlighting light pipe. 
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IN THE CLAIMS: 



1 1. A backlighting assembly, comprising: 

2 a plurality of a light pipes, each including top and bottom surfaces which 

3 define a light pipe interior, each of said plurality of light pipes being configured to be 

4 illuminated by at least one light source at a light entering end, each of said plurality of 

5 light pipes further being configured to direct light from said at least one light source 

6 into a respective light pipe interior in a predetermined way; 

7 wherein said plurality light pipes are together assembled so that they are 

8 configured to provide a multi-level modes of illumination. 

1 2. A backlighting assembly as recited in Claim 1 wherein said plurality of light 

2 pipes is two light pipes, configured in a stacked arrangement. 

1 3. A backlighting assembly as recited in Claim 1 wherein said plurality of light 

2 pipes is more than two light pipes, configured in a stacked arrangement. 

1 4. A backlighting assembly as recited in Claim 1 wherein said plurality of light 

2 pipes includes a plurality of light sources which are configured to be selectively 

3 illuminated. 

1 5. A backlighting assembly as recited in Claim 1 wherein at least one of said 

2 plurality of light pipes further comprises: 

3 an arrangement of immediately adjacent microprisms distributed over one 

4 surface of said at least one said light pipe, each of said microprisms with its surfaces 

5 facing a particular side of the light pipe forming a reflecting surface segments for 

6 reflecting light by total internal reflection within said light pipe through one of its side 

7 surfaces in a collimated way. 



16 



WO 97/41471 



PCT/US97/07374 



6. A backlighting assembly as recited in Claim 1 wherein said at least one light 
source is a lamp. 

7. A backlighting assembly as recited in Claim 1 wherein in at least one of said 
plurality of light pipes, a color filter is placed between said lamp and said light pipe 
interior. 

8. A backlighting assembly as recited in Claim 1 wherein a viewer is positionable 
to view light from one side of said backlighting assembly, said assembly further 
comprising: 

in at least one of said plurality of light pipes, a film with microprisms is placed 
on said top surface to change the propagation direction of light within said light pipe 
interior to a viewer's direction. 

9. A backlighting assembly as recited in Claim 1 wherein the position of said at 
least one light source defines the light entrance side of said light pipe interior, said 
backlighting assembly further comprising: 

in at least one of said plurality of light pipes, a film with microprisms is placed 
on the light entrance side to collimate light. 

10. A backlighting assembly as recited in Claim 1 wherein on at least one of said 
plurality of light pipes, said top surface is composed of microprisms having a first axis 
and the bottom surface is composed of microprisms having a second axis, wherein said 
first axis is perpendicular to said second axis. 

11. A backlighting assembly as recited in Claim 1 wherein said plurality of light 
pipes are further together assembled so that they are configured to provide multi- 
spectra modes of operation. 
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1 12. A backlighting assembly, comprising: 

2 a plurality of light pipes with top and bottom surfaces: 

3 an arrangement for directing light into each light pipe of said plurality of light 

4 pipes in a predetermined way, such providing exit light beams; 

5 a prism film placed substantially adjacent said top surface to change the 

6 propagation direction of said exit light beams so that said exit light beams overlap and 

7 therefore together propagate in a predetermined direction. 

1 13. A backlighting assembly as recited in Claim 12, further comprising: 

2 an arrangement of immediately adjacent microprisms distributed over one 

3 surface of said at least one said light pipe, each of said microprisms with its surfaces 

4 facing a particular side of the light pipe forming a reflecting surface segments for 

5 reflecting light by total internal reflection within said light pipe through one of its side 

6 surfaces in a collimated way. 

1 14. A backlighting assembly as recited in Claim 12 wherein said plurality of light 

2 pipes is two light pipes, configured in a stacked arrangement. 

1 15. A backlighting assembly as recited in Claim 12 wherein said plurality of light 

2 pipes is more than two light pipes, configured in a stacked arrangement. 

1 16. A backlighting assembly as recited in Claim 12 wherein said plurality of light 

2 pipes includes a plurality of light sources which are configured to be selectively 

3 illuminated. 

1 17. A method for providing a backlighting assembly, comprising the steps of: 

2 providing a plurality of a light pipes, each including top and bottom surfaces 

3 which define a light pipe interior, each of said plurality of light pipes being configured 

4 to be illuminated by at least one light source at a light entering end, each of said 

5 plurality of light pipes further being configured to direct light from said at least one 

18 



WO 97/41471 



PCT/US97/07374 



6 light source into a respective light pipe interior in a predetermined way; 

7 stacking said plurality of light pipes so that together they are configured to 

8 provide a multi-level modes of illumination. 

1 18. A method as recited in Claim 17, further comprising the steps of: 

2 providing to one of said light pipes, an arrangement of immediately adjacent 

3 microprisms distributed over one surface of said at least one said light pipe, each of 

4 said microprisms with its surfaces facing a particular side of the light pipe forming a 

5 reflecting surface segments for reflecting light by total internal reflection within said 

6 light pipe through one of its side surfaces in a colli mated way. 

1 19. A method as recited in Claim 17, further comprising the steps of: 

2 in at least one of said plurality of light pipes, placing a color filter between 

3 said light source and said light pipe interior. 

1 20. A method as recited in Claim 17, further comprising the steps of: 

2 configuring said backlighting assembly so said light sources are capable of 

3 being selectively illuminated. 
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